We identified three isolates of Streptococcus agalactiae (group B streptococcus [GBS]), of human origin, which failed to react with antisera against any of the nine known GBS serotypes. Polyclonal rabbit antisera raised against these isolates and standard GBS typing sera were used in capillary precipitation and Ouchterlony tests to compare the strains with known GBS serotype reference strains. All three previously nontypeable isolates reacted with all three new antisera, producing lines of identity in the Ouchterlony test. Weak crossreactions with antisera against several GBS serotypes were observed but were removed by absorption with corresponding antigens. The new antisera were used to test 227 GBS isolates that had been nontypeable or difficult to type using standard antisera. Of these, five reacted with the new antisera. These results suggested that all eight isolates belong to the previously unrecognized GBS serotype. They were tested by Western blotting for the C␣ and C␤ proteins and by PCR to identify molecular serotypes and surface protein antigen genes. Two segments of the cps gene cluster (3 end of cpsE-cpsF and 5 end of cpsG, approximately 700 bp; 3 end of cpsH and 5 end of cpsM, approximately 560 bp) were sequenced. All eight isolates expressed C␣, and seven expressing the C␤ protein and the corresponding genes, bca and bac, respectively, were identified. They all share the same, unique partial cps sequence. These results indicate that these eight isolates represent a new S. agalactiae serotype, which we propose should be designated serotype IX.
Streptococcus agalactiae, also known as group B streptococcus (GBS), is a pathogen of newborn infants in particular but also a cause of bacteremia in parturient women, elderly people, and immunocompromised patients (11) .
The current classification of GBS is based on the capsular phenotype (1) . Currently there are nine serotypes: Ia, Ib, and II to VIII (11, 43) . The primary serologic method used for serotype determination is capillary precipitation, introduced by Lancefield in 1934 (14) , based on capsular antigens (14, 37) . Most GBS isolates can be classified into these serotypes, but 4 to 7% are nontypeable (10, 11, 41, 45) . This can be due to mutation in the capsular genes (44) , reversible nonencapsular phase variation (6) , or an uncharacterized capsule (46) . However, the numbers of nontypeable isolates have been an increasing problem, and studies have been performed to try to reduce them (2, 41) . In Denmark, 9% of all invasive isolates submitted to the Neisseria and Streptococcus Reference laboratory, Statens Serum Institut (SSI), are nontypeable (unpublished data).
In recent years, molecular serotyping of GBS based on detection of serotype-specific genes of the capsular region has been developing rapidly (5, 7, 29, 42) and, in some studies, has now replaced classical antiserum-based typing methods (33) . Methods such as PCR and pulsed-field gel electrophoresis have shown that some nontypeable GBS isolates can be shown to be similar to known serotypes (1) . Identification of surface proteins, using PCR, also allows classification of nontypeable isolates (7, 30, 41) , a large number of which have been characterized and/or typed using molecular methods. Nevertheless, some isolates remain impossible to characterize using currently available antisera, and knowing the genotype of an isolate is not the same as knowing its phenotype (30, 41) . Generally, results of conventional serotyping and molecular serotype identification are consistent for isolates that are serotypeable. Whether currently nontypeable strains (29, 40, 50) should be classified by molecular typing, the use of additional antisera, or a combination remains to be determined (29, 40, 50) .
This study presents data on 3 GBS isolates isolated in Denmark in 1986, 1989, and 2000 and 5 additional isolates found during reevaluation of 227 isolates that were initially nontypeable or difficult to serotype or for which there were discrepancies between results of conventional and molecular serotype identification.
antisera or had given discrepant results between conventional and molecular serotyping, was reevaluated. They were part of a large international collection of GBS isolates which have been studied previously (24, 47, 48, 50) . After retesting, many were successfully serotyped and most discrepancies between conventional and molecular serotypes were resolved, but 135 isolates remained nontypeable. Five isolates agglutinated with antiserum A7214 (see below) and were investigated further: one was from Canada (Canada strain 1012B, 1997), isolated from a pregnant woman (36); two were from Germany (M48/97, 1997; M23/99, 1999), isolated from pregnant women (4); one was from Hong Kong (02B0981138, 2002) (16); and one was from Sydney, Australia (03-150-3185, 2003), isolated from blood culture from a 57-year-old male with diabetes and renal failure.
Antisera. Commercial GBS-type antisera against serotypes Ia, Ib, and II to VIII and group B were obtained from SSI Diagnostica, Denmark. Sera against the three nontypeable Danish isolates were raised in rabbits by an immunization procedure described by Lancefield et al. (32) . Antiserum A7214 has been used routinely at the Neisseria and Streptococcus Reference Laboratory for the past 2 years, in addition to the nine commercial GBS typing antisera, to test GBS isolates and was used in this study to reevaluate the status of 227 isolates (see above) that were previously nontypeable or difficult to type.
Standard test. All eight isolates under investigation were identified as GBS using standard Gram staining, CAMP test, and API (Rapid ID 32 Strep test) (17, 22) . Acid-extracted antigen from all eight isolates tested positive in a Lancefield test using GBS group antiserum (Table 2 ) and in PCR targeting the GBS species-specific gene cfb.
None of the eight isolates agglutinated when whole cells grown in Todd-Hewitt broth were mixed with group B-specific antiserum. A nonencapsulated/nontypeable group B strain (strain B848) ( Table 1 ) was used as a positive control, and a serotype III strain was used as a negative control.
Pepsin digestion. A 110-l pepsin dilution (5 mg pepsin per 1 ml 0.1 N HCl) was added to 0.3 ml 0.2 N HCl extracts of all eight type IX isolates; the pH was adjusted to 2 with 0.2 N NaOH. This mix was incubated for 2 h at 37°C. After incubation, the extracts were adjusted to pH 7 by adding 0.2 N NaOH. A 0.2 N HCl extract of a serotype III isolate was used as a positive control.
Lancefield capillary precipitation method for serotyping. The Lancefield method was performed as described by Slotved et al. (46) . All tests shown in Tables 1 and 2 were performed using the precipitation method and 0.1 N and 0.2 N HCl extract.
Ouchterlony test. The antisera (A22634, A7214, and A0884) against the three Danish nontypeable isolates were evaluated using Ouchterlony and capillary precipitation tests (46) . The Lancefield antigen extract was prepared as follows. A freeze-dried culture of GBS was suspended in serum broth, and a drop was plated onto 5% horse blood agar and incubated at 36°C overnight. The next day, a few individual colonies were inoculated into 5 ml glucose broth and incubated at 36°C overnight. After incubation, the broth was centrifuged and the supernatant removed. A 0.1-ml amount of either 0.1 N or 0.2 N HCl was added to the bacterial pellet. The acid suspension was placed at 100°C for 15 min (in boiling water) and thereafter cooled under tap water. After cooling, 0.2 N NaOH was added to adjust the pH to 7.0, with a drop of phenol red as the indicator. The suspension was centrifuged for 10 min to obtain a crystal-clear supernatant.
The Ouchterlony test was performed as follows. An agarose gel (1% LSA; Litex, Copenhagen, Denmark) was made in 20% Tris-Veronal buffer (containing 2.24% [wt/vol] barbital, pH 8.5; final dilution, 20%) (product no. 30731; SSI Diagnostica, Copenhagen, Denmark), heated to 100°C, and then kept in a water bath at 60°C. A gel bond sheet was cut to the size of 9 cm by 4.5 cm and placed with its hydrophobic side downwards on a level glass plate. 8 ml of liquid gel was poured onto the plate to a thickness of 0.2 cm. When the gel had solidified, holes were punched in it according to a template, as shown in Fig. 1 . Ten microliters of serum was added to the center holes of each gel and 10 l of antigen extract (either 0.1 N or 0.2 N) to the surrounding holes. The gels were incubated in a moist chamber at 5°C for 3 days and then covered with filter paper, soaked in 0.9% saline, pressed for 30 to 60 min under a glass plate and a weight (4 to 5 kg), and washed first in 0.9% saline overnight and then in ionized water for at least 60 min. Gels were then pressed again as described above, except that they were soaked only in ionized water. After the second press, they were dried thoroughly with a hair dryer and stained with Coomassie blue for 15 min, washed in a solution of ethanol (432 ml), acetic acid (100 ml), and ionized water (468 ml) for 15 min, and dried again.
Absorption. Specific absorption of antisera was based on the method described by Lancefield (32) . Briefly, an overnight culture (1 liter trypsin broth) was killed with 0.5% formaldehyde for 24 h and then centrifuged for 60 min at 3,500 ϫ g, after which the supernatant was removed. The actual absorption was performed by mixing equal amounts of culture and antiserum; after 30 min of incubation at about 20°C, the suspension was centrifuged. The pellet with the cross-reacting antibodies was removed, and the supernatant (absorbed antiserum) was stored for later use.
Western blot for C␣ and C␤ proteins. Western blotting was performed using XCell4 Surelock Midi-Cell (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. Briefly, a bacterial solution was mixed with sample buffer (NuPAGE; Invitrogen, Carlsbad, CA) and reducing agent (NuPAGE; Invitrogen), and the vials were heated for 10 min at 70°C. The electrophoresis apparatus (XCell4 Surelock Midi-Cell; Invitrogen) was prepared with 180 ml 0.25% anti- Positive reaction with extract antigen, negative reaction with antiserum a ϩ, week cross-reaction detected, removed by absorption; Ϫ, no cross-reaction detected.
b National reference strain for typing of GBS strains. c Group B.
oxidant mixture (NuPAGE; Invitrogen) with Milli Q water as a diluting agent.
Ten microliters of the sample mixtures were loaded on a Tris-bis 4-to-12%-gradient gel (8.7 by 13.3 cm; Novex). The buffer chamber of the electrophoresis apparatus was filled with a 5% dilution of running buffer (NuPAGE; Invitrogen) in MQ water, and the gel was subsequently electrophoresed for 1 h at 180 V. After electrophoresis, the proteins were transferred to a nitrocellulose membrane (Whatman; Schleider & Schuell) and the membrane blocked in incubation buffer. Anti-C␣ and -C␤ polyclonal rabbit sera (SSI Diagnostica, Hillerød, Denmark) were used as primary antibodies (diluted 1:1,000), and alkaline phosphatase-conjugated goat anti-rabbit immunoglobulin G (product no. A3812; Sigma Aldrich, St. Louis, MO) was diluted 1:1,000 and used as the secondary antibody. A Sigma Aldrich 5-bromo-4-chloro-3-indolylphosphate-nitroblue tetrazolium tablet was used as a substrate for the color reaction, which was stopped by the addition of MQ water. Molecular serotype and surface protein antigen gene identification. Serotypespecific PCR (29) , partial cps sequencing (3Ј end of cpsE-cpsF and 5Ј end of cpsG) (50) , and surface protein antigen gene-specific PCRs (30, 49) were performed as previously described. The serotype-specific PCR products (25, 29) were sequenced to generate the partial sequence of cpsH-cpsM.
MLST. Multilocus sequence typing (MLST) was performed as described by Jones et al. (19) . PCR products were amplified using the HotStarTaq Master Mix kit (QIAGEN GmbH, Hilden, Germany), and both strands of the PCR products were sequenced using the Big Dye Terminator v1.1 cycle sequencing kit and an ABI3100 sequencer (Applied Biosystems, Foster, CA). Sequences were analyzed using BioNumerics (Applied Maths NV, Sint-Martens-Latem, Belgium), and the sequence types were assigned using the Streptococcus agalactiae MLST website (http://pubmlst.org/sagalactiae/) (18) .
Nucleotide sequence accession numbers. New sequence data generated in this study have been deposited in GenBank with accession number AY257685 (for sequences between the 3Ј end of cpsE-cpsF and the 5Ј end of cpsG of strain 1012B) and EF157290 (for the partial sequence of cpsH-cpsM of strain 7214).
RESULTS

Species identification.
All eight GBS nontypeable isolates under investigation were gram-positive cocci (17, 22) and gave positive CAMP test results (and contained cfb) (25, 29) . They were identified as S. agalactiae, with more than 99.6% certainty, by the API Rapid ID 32 STREP test (17) . The same results were obtained when conventional biochemical tests were performed; they were catalase negative, hydrolyzed hippurate, fermented ribose and trehalose, and produced acetoin, all reactions in accordance with the basic reactions described for GBS (22, 31) .
Antigenic characterization. The capillary precipitation test (Table 2) (Table 3) showed weak reactions with some GBS typing sera, which could be removed by absorption (Table 1; Fig. 1) .
Antisera against the three Danish nontypeable isolates did not cross-react with 0.1 N or 0.2 N HCl-extracted antigen of (Tables 2 and 3) . When antiserum raised against isolate 22634 was tested against extracted antigen (both 0.1 N and 0.2 N HCl) from the Danish nontypeable isolates in the Ouchterlony test, two lines appeared between it and its homologous antigen extract (22634) (Fig. 1A) . A similar but weaker reaction appeared with antigen extract of isolate 0884 but not 7214. In Fig. 1A , it can be seen that only the outer line forms a line of identity with the other isolates. Since antisera against 22634 and 0884 did not cross-react with extracted antigen from GBS B848 (Table 2) , it was not possible to remove this line by absorption of the antiserum A22634 with GBS 848 culture. When antisera against known GBS serotypes were tested against their homologous antigen extracts, we observed a second line between GBS serotype Ib and the corresponding antiserum. There was no cross-reaction, in the precipitation test, between isolate 22634 and serotype Ib antiserum. However, in the Outherlony test, when serotype Ib antiserum was tested against the three nontypeable isolates and serotype Ib antigen extract, there was a type-specific outer line with serotype Ib only and in addition a second inner line with isolates 22634 and 0884 (Fig. 1C) . The inner line disappeared when antiserum raised against GBS serotype Ib was absorbed with antigen from isolate 22634 or vice versa (Fig. 1B) .
The international collection of 227 nontypeable GBS isolates was tested, using the Lancefield test and antiserum A7214. Many proved to be typeable with conventional GBS typing antisera, as indicated above (data not shown), and five reacted with the new antiserum. All five had been identified by serotype-specific PCR as molecular serotype V but when originally tested had been nonserotypeable (4) or gave discrepant results (1) with standard GBS typing antisera (29) . The same results were obtained after pepsin digestion of 0.2 N HCl extracts from all eight strains and the control type III strain.
All eight isolates were positive for C␣ and seven for C␤ in the Western blot. The exception was isolate 7214, which did not react with C␤. Genetic characterization. Protein antigen gene PCR results were consistent with the Western blot results: all eight isolates were positive for bca and all, except 7214, for bac. Multilocus sequence typing showed that six isolates belonged to sequence type 130 and two were new, closely related sequence types, with a single locus difference in the adhP gene.
The initial serotype-specific PCR (based on serotype-specific regions of cpsH-cpsM) (29) identified all eight isolates as serotype V. However, for all eight isolates, the sequences between the 3Ј end of cpsE-cpsF and the 5Ј end of cpsG were identical with each other but different from those of all other serotypes, as shown in Table 4 . The combination of two informative single nucleotide polymorphisms at positions 1627 and 1832 (which have T and C, respectively, in these positions in the isolates under investigation, compared with T and T, respectively, for serotype IV or G and C, respectively, for all the other GBS serotypes) distinguishes this group of similar nontypeable isolates from other serotypes ( Table 4 ). The new sequence has been deposited in GenBank (see Materials and Methods).
Sequencing of the serotype V-specific PCR (24, 26) products (portion of cpsH) showed five nucleotide changes compared with the serotype V cpsH sequence in GenBank (GenBank accession number AF349539) ( Fig. 2A) , which resulted in three amino acid changes (Fig. 2B) . It was beyond the scope of this study to determine the effect on polysaccharide capsule structure of the amino acid changes in cpsH, which encodes the enzyme polysaccharide polymerase and is generally serotype specific.
DISCUSSION
The capsule of GBS is a very important virulence factor (42) . Conventional serotype determination for GBS is therefore an important component of surveillance and essential for the development and formulation of protective human GBS vaccines. 
a Please see the text and previous publications (26, 43) for an explanation of the methods. b The numbering start point 1 refers to start point 1 of the sequence with GenBank accession number AF332908 (for serotype reference strain 3139). Please also refer to Fig. 1 of a previous publication (26) . Only the sequences between 1451 and 2164 were analyzed.
c The two sites at 1627 and 1832 were not entirely specific for the proposed serotype IX, but the combination can effectively identify the proposed serotype IX. Further, the specific sites for the cpsH region (see Fig. 3 ) make the design of serotype IX-specific PCR easier and more specific.
d Ia and III-3, as well as II and III-4, share the same sequences as described previously (26).
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Conventional serotyping of GBS isolates is based on their reactions with antisera raised against the nine recognized serotypes, using methods such as the precipitation test (Lancefield method) or an agglutination method, such as the latex test (45, 46) . However, recently a growing number of GBS isolates have been nontypeable (9, 11, 42) , either because they do not express a capsular polysaccharide or because the polysaccharide produced does not react with available typing antisera. The development of molecular techniques for genotyping of the GBS isolates-which identify serotype-specific sequences in the cps gene cluster (29, 42) or similarities in the "backbone" structure (1), as shown by MLST-has made it possible to assign a molecular serotype to many of these nontypeable isolates and thereby reduce their numbers. Other studies have used, in addition, the presence of surface proteins and/or the genes encoding them to characterize the isolates (1, 30, 42) . However, although these proteins generally correlate with a serotype, this is not always so (30, 34) .
In the present study, we observed that three Danish isolates, registered as GBS nontypeable strains during a 14-year period (1986 to 2000), did not react with antisera raised against the known serotypes. However, they produced capsular polysaccharide and, when antisera were raised against them, crossreacted with each other. However, there were only very weak, easily absorbed cross-reactions with a few other known GBS types. When testing the isolates against antiserum against isolate 22634 in the Ouchterlony reaction, we observed that a second line appeared with isolate 22634 and weakly with isolate 0884 but not 7214. The same phenomenon occurred with serotype Ib antiserum. These results are consistent with the observation that isolates 22634 and 0884 and serotype Ib (but not isolate 7214) all express the C␤ protein, of which residual amounts may persist in acid antigen extracts.
These three immunologically identical isolates were further tested using molecular techniques. Although serotype-specific PCR suggested that they were molecular serotype V, significant differences from all other serotypes were identified in the cps regions between the 3Ј end of cpsE-cpsF and the 5Ј end of cpsG and partial cpsH-cpsM. This sequence has never been identified previously among more than 650 GBS isolates we have studied (49) , including multiple isolates of all known serotypes-56 Ia isolates, 47 Ib isolates, 52 II isolates, 264 III isolates, 9 IV isolates, 57 V isolates, 7 VI isolates, and 5 VII isolates-except VIII, which does not amplify with primers used (29) (data not shown). In addition, this sequence has not been previously identified among nonserotypeable isolates (n ϭ 135), apart from those under investigation in this study (see below).
These three Danish isolates apparently represent a new GBS serotype. To investigate whether this serotype is more widely distributed, we examined a larger collection of GBS nontypeable isolates, using the new antiserum against isolate 7214. We found five additional GBS isolates, from four countries, with the same antigenic and molecular characteristics. This finding supports our hypothesis that these eight GBS isolates represent a new serotype, for which we propose the designation serotype IX. Its sequence between 3Ј cpsE-cpsF and 5Ј cpsG differs from those of molecular serotype IV at only one position, whereas its cpsH-cpsM sequence is similar to that of molecular serotype V. In addition, as with molecular serotype Ib, most isolates have the genes bac and bca, whereas a molecular serotype Ia isolate usually has only alp1.
Similar findings have been reported recently in a study of eight GBS nontypeable isolates, which had a genetic profile consistent with that of serotype V (42) but with some sequence variations. However, the isolates described in that study differed from ours in that all of them still had typical V cps gene cluster sequences (including both 3Ј cpsE-cpsF and 5Ј cpsG and cpsH-cpsM sequences) and most had the surface protein Alp3, belonged to multilocus sequence type 1 (both commonly associated with serotype V), and had pulsed-field gel electrophoresis profiles similar to those of serotype V.
Streptococcus pneumoniae comprises 90 serotypes (or 91 if the newly described serotype 6C is included (38) , and relatively few, especially invasive, isolates are nontypeable (13, 20) . By contrast, GBS has only nine serotypes, but a higher proportion of invasive isolates are nontypeable (8, 12, 21) . S. pneumoniae serotyping uses many different, often cross-reacting antisera to identify serotypes (15) , whereas each of the nine GBS serotypes has a single specific antiserum. As shown by S. pneumoniae serotyping and genotyping, many S. pneumoniae serotypes, unlike GBS serotypes, cross-react with the other serotypes (23, 26, 27) and share the same or very similar cps gene clusters (3, 23, 26, 27) . If the S. pneumoniae serotype nomenclature strategy were followed, it is likely that more GBS serotypes (and related subtypes) would be identified (15) .
The eight isolates described in this article have been tested with all the phenotypic methods used by Perch et al. (39) to identify the new GBS type IV, with results consistent with these isolates representing a new GBS serotype. These results have been supported by results of genotyping, which also suggest that they represent a new GBS serotype.
In conclusion, this study presents data on three isolates from the Danish GBS collection and five isolates from an international collection that produce similar immunological reactions with a new antiserum and apparently represent a new serotype distinct from any of the recognized GBS serotypes. This new serotype appears to have existed for at least 20 years and is widely distributed geographically. Molecular typing shows that these eight isolates share a unique partial cps sequence. The proposed serotype IX appears to be most closely related to serotype Ib, although its cps gene cluster is related to those of serotypes V, Ia, and IV (28, 35) .
These results raise the question of whether the classification system for GBS serotypes should be revised and more antisera against capsulated but nontypeable isolates should be developed, as described in this study.
We propose that these isolates should be recognized as the new, provisional "GBS serotype IX," which may have evolved as a result of mutation and/or recombination between serotype Ib and serotype V and/or IV. If provisional GBS serotype IX is accepted, the molecular serotype identification system will need to be modified, based on its unique cps sequence, to allow it to be distinguished from serotype V by serotype-specific PCR or multiplex PCR-based reverse line blot. The nine GBS serotypes have been identified mainly based on phenotype, and therefore it seems appropriate that this classification should be continued for new serotypes with support from molecular typing methods. More extensive use of molecular criteria in the classification of GBS should be based on international consensus. Conventional serotyping remains relevant to potential vaccine development, while genotyping is useful for epidemiological studies.
